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Abstract
We categorize general messenger and matter interactions in gauge-mediated SUSY
breaking models by an R-parity for the messengers and study their phenomenological
consequences. The new interactions may induce baryon- and lepton-number violating
processes as well as flavor-changing neutral currents. Bounds on the couplings from
low-energy data are generally weak due to the large messenger mass suppression, ex-
cept for the constraint from proton decay. The soft masses for the scalar particles
receive negative corrections from the new interactions. Consequently, in certain region
of SUSY parameter space the µ-parameter is greatly reduced. The pattern of radiative
electroweak symmetry breaking, SUSY particle mass spectrum and decay channels are
also affected, leading to observable experimental signature at the current and future
colliders.
PACS numbers: 12.60.Jv, 12.60.-i, 14.80.-j, 14.80.Ly
∗Present address.
1 Introduction
A model with gauge-mediated supersymmetry breaking (GMSB) [1] is a simple and
well-motivated version of the minimal supersymmetric extension of the Standard Model
(MSSM). In addition to the observable sector and a supersymmetry (SUSY) breaking hid-
den sector, the model also possesses messenger fields which mediate the SUSY breaking
to the observable fields via the SM gauge interactions. The “minimal” model has a pair
of messengers transforming under the SU(5) representation 5+ 5¯, decomposed as color
triplets (D+D) and weak doublets (L+L). They couple to a gauge singlet field S through
a superpotential
Wminimal = λ(SDD + SLL), (1)
where S acquires non-zero vacuum expectation values for both its scalar component (〈S〉)
and auxiliary component (F ).
There are several attractive features in this minimal model. First, all supersymmetric
particle masses are determined by two parameters: the messenger scale M = λ〈S〉 (the
messenger fermion mass) and the effective SUSY breaking scale Λ = F/〈S〉. The gaugino
and scalar soft masses are given, at one- and two-loop level respectively, by [1]
Mi(M) ≃
αi(M)
4π
Λ , i = 1, 2, 3 (2)
m˜2(M) ≃ 2
3∑
i=1
Ci
(
αi(M)
4π
)2
Λ2 , (3)
where Ci’s are 4/3, 3/4 for the fundamental representations of SU(3), SU(2) and 3Y
2/5
for UY(1). If Λ ∼ O(10 − 100 TeV), the SUSY particles (sparticles) can have a desirable
mass spectrum of O(100 GeV). Second, since the scalar masses are degenerate in the family
space, the flavor-changing neutral current (FCNC) and CP-violation in SUSY sector are
generally small. Finally, the gravitino mass is typically of O(keV) (assuming only one SUSY
breaking scale), so it is the lightest supersymmetric particle in this model. Consequently,
the lightest neutralino promptly decays to a gravitino plus a photon via an enhanced grav-
itational interaction. This would have significant implications for collider phenomenology
and particle cosmology [2].
However, there may be cosmological problems in the messenger sector [3]. Due to the
conserved “messenger number” in Eq. (1), the lightest messenger particle (LMP) is stable.
Although naturally neutral [4] in most of the SUSY parameter space, the LMP would have
to be lighter than a few TeV in order not to overclose the Universe [3, 4] in the standard
inflationary cosmology. On the other hand, direct searches have already excluded a scalar
dark matter particle with a mass less than about 3 TeV at a 90% confidence level, assuming
it accounts for more than about 30% of a galactic halo with local density 0.3 GeV/cm3 [5].
One would have to introduce the messenger-Higgs mixing, along with a gauge singlet, to
evade the direct dark matter detection [4]. However, with those additional interactions, one
may run into the µ-Bµ problem [1, 6, 7]. Besides, such a low-mass LMP needs a certain
degree of fine-tuning.
One possible solution to the problem is to abandon the messenger number conservation
by introducing direct messenger-matter interactions. In fact, it is natural to consider this
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possibility since the messengers intrinsically carry the SM gauge quantum numbers. In this
paper, we study general interactions between the messengers and MSSM fields. In Sec. 2
we present the most general superpotential in the framework of the minimal GMSB model
and categorize different terms with an R-parity for the messengers. We then derive the
effective Lagrangian at low energies and examine the current experimental constraints on
the couplings in Sec. 3. We also study the theoretical implications on the SUSY particle
mass spectrum, the electroweak symmetry breaking (EWSB) and the µ-parameter. In
Sec. 4 we make some general remarks and draw our conclusion.
2 General Messenger-Matter Interactions
The most general superpotential with direct messenger-matter interactions allowed by the
SM gauge symmetry is
Wmix = HDL4E + HDQD4 + LL4E + QL4D + QL4U
+ E UD4 + LQD4 + QQD4 + U D D4
+ HUL4 + HDL4 + LL4 + DD4 + QL4D4 , (4)
where we have suppressed the Yukawa coupling constant for each term and the generation
indices for the superfields. A subscript “4” has been introduced for the messenger fields in
Eq. (1) as (D4, L4) and (D4, L4), in analogue to the three-generation matter fields.
At this superpotential level, the bilinear terms can be rotated away at no cost by
properly redefining the superfields, so we will not consider them any further. We will
also ignore the state mixing among the messengers and MSSM fields associated with those
rotations. The last term in Eq. (4) is the only one which involves two messenger fields.
When examining its physical consequences at low energies by integrating out the heavy
messenger fields, the resulting operators would be more suppressed. Although this term
respects the SM gauge symmetry, it does not naturally arise in an SU(5) unification theory.
We will not discuss this term further.
To classify the remaining terms in Eq. (4), we recall that the superfields (HU ,HD)
have a positive (matter) R-parity assignment while the others (L,E,Q,U,D) are negative.
It follows that the first two terms in Eq. (4) have different R-parity property from the
rest. It is therefore convenient to categorize these two groups by their R-parities. If we
formally require the R-parity conservation, we then can generalize the ordinary R-parity to
the messengers. The two possibilities are: messenger superfields with a positive R-parity,
which we will call the M+-model, and messenger superfields with a negative R-parity, the
M−-model.
2.1 The M+-model
If we assign the messenger superfields (D4, L4) and (D4, L4) with a positive R-parity, then
R-parity invariance leads to the following interaction terms
W+mix = yijEiLjL4 + y
′
ijDiQjL4 + y
′′
ijU iQjL4
+ λlijEiU jD4 + λ
′
ijLiQjD4 +
1
2
λqijQiQjD4 + λ
′′
ijU iDjD4 , (5)
3
where yij, y
′
ij , y
′′
ij and λ
l
ij , λ
′
ij , λ
q
ij , λ
′′
ij are Yukawa couplings naturally of order one
†, with
i, j = 1, 2, 3 as generation indices. Note that λqij = −λ
q
ji. According to the conventional
R-parity assignment for component fields, (−1)2S+3(B−L), where S is the particle spin, B
and L the baryon- and lepton-number respectively, the R-parity so assigned corresponds to
that assuming zero B- and L-numbers for the messenger superfields. The first three terms
conserve B and L, but generate FCNC processes in general. Although Eq. (5) preserves
R-parity by definition, the λl, λ′ terms in (5) violate B and L by ∆B = 1/3 and ∆L = 1,
and the λq, λ′′ terms violate B by ∆B = 2/3. Simultaneous existence of λl and λq or λ′ and
λ′′ may induce abrupt proton decay.‡ We will discuss this point in the next section. Note
that the terms of yij, λ
′
ij , λ
′′
ij are the direct analogue to those R-parity violating interactions
of λijk, λ
′
ijk, λ
′′
ijk in the MSSM.
2.2 The M−-model
If we instead assign the messenger superfields with a negative parity, then R-parity in-
variance excludes the terms in Eq. (5) and we are left with the two terms involving Higgs
superfields
W−mix = yiHDL4Ei + y
′
iHDQiD4 . (6)
This R-parity assignment is equivalent to assuming the messenger superfields (D4, L4) to
carry the same B- and L-numbers as the MSSM superfields (D,L). Although these two
terms do not induce any B- or L-violating processes, the messenger couplings to the MSSM
fields will mediate FCNC processes [7, 9] if more than one yi (or y
′
i) coexists.
It is interesting to note that in either R-parity assignment (M+ or M−), R-parity
invariance forbids the QL4D4 term in Eq. (4).
3 Physical implications
3.1 Effective Lagrangian and Low-Energy Constraints
By integrating out heavy messengers, we can obtain low-energy effective Lagrangian in
terms of 1/M2 expansion. For simplicity, we only examine the leading operators by as-
suming Λ/M ≪ 1 and the sparticles and Higgs bosons to be much heavier than the energy
scale considered.
In the M+-model of Eq. (5), the first three terms (y-couplings) result in the following
four-fermion operators
L+y =
yijy
∗
i′j′
2M2
(
eiRγ
µei′R ej′LγµejL + eiRγ
µei′R νj′LγµνjL
)
+
y′ijy
′∗
i′j′
2M2
(
dαiRγ
µdβi′R d
β
j′Lγµd
α
jL + d
α
iRγ
µdβi′R u
β
j′Lγµu
α
jL
)
†In the direct-transmission model [8], the messengers are also generally charged under the dynamical
group, the interaction can arise from higher dimensional operators involving the dynamical sector fields. As
a result, the couplings would generically be much smaller.
‡One could instead assign the messengers with appropriate B- or L-numbers to eliminate terms inducing
proton decay, regardless of the R-parity assignment. We thank X. Tata for a discussion on this point.
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+[
y′ijy
∗
i′j′
2M2
(
diRγ
µei′R ej′LγµdjL + diRγ
µei′R νj′LγµujL
)
+ h.c.
]
+
y′′ijy
′′∗
i′j′
2M2
(
uαiRγ
µuβi′R u
β
j′Lγµu
α
jL + u
α
iRγ
µuβi′R d
β
j′Lγµd
α
jL
)
, (7)
where α, β are color indices. Similarly, we can obtain the effective four-fermion operators
for the last four terms (λ-couplings) in Eq. (5) to leading order of 1/M2,
L+λ =
λlijλ
l∗
i′j′
2M2
eiRγ
µei′R ujRγµuj′R −
(λ′ijλ′∗i′j′
2M2
ei′Lγ
µνiL uj′LγµdjL + h.c.
)
+
λ′ijλ
′∗
i′j′
2M2
(
ei′Lγ
µeiL uj′LγµujL + νi′Lγ
µνiL dj′LγµdjL
)
+
λqijλ
q∗
i′j′
2M2
(
uαi′Lγµu
α
iLd
β
j′Lγµd
β
jL − u
α
i′Lγµu
β
iLd
β
j′Lγµd
α
jL
)
+
λ′′ijλ
′′∗
i′j′
2M2
(
uαiRγµu
α
i′R d
β
jRγµd
β
j′R − u
α
iRγµu
β
i′R d
β
jRγµd
α
j′R
)
+ ǫαβγ
(λlijλq∗i′j′
2M2
eiRγ
µucαi′ u
γ
jRγµd
cβ
j′ +
λ′ijλ
′′∗
i′j′
2M2
eciγ
µuαi′R d
cβ
j′ γµu
γ
jL
−
λ′ijλ
′′∗
i′j′
2M2
νci γ
µuαi′R d
cβ
j′ γµd
γ
jL + h.c.
)
. (8)
These effective operators are similar to those obtained from the R-parity violating in-
teractions in the MSSM [10] and may lead to very rich physics. The coupling coefficients
(y′s and λ′s) are considered to be naturally of order one. However, if we consider only
one term at a time with given generation indices in Eq. (5), there is essentially no signif-
icant experimental constraint on them because of the suppression by the large messenger
mass M ≈ O(100 TeV). For the same reason, none of the terms would lead to observable
signature in the current and near-future experiments. Even when several terms with dif-
ferent generation indices coexist, most effects of those operators in Eqs. (7) and (8) are
still rather weak in general. For example, the modifications on charged current universality
and on various τ , D and B decays are too small to be observable unless the couplings
yij, λ
l
ij , λ
′
ij > O(100). On the other hand, there are processes from rare and SM forbidden
decays and from neutral meson mixing that can be sensitive to test certain operators with
the accuracy of current and near-future experiments. For instance, considering µ → eγ
with one-loop diagrams via the virtual messenger exchange, we obtain
|y1jy2j| < 3
(
M
100 TeV
)2
. (9)
The most stringent bound on y′ comes from the KL-KS mass difference:
|y′12y
′
21| < 5× 10
−4
(
M
100 TeV
)2
, (10)
which is at a very interesting level to constrain the theory. The D0 mass difference con-
strains the operators y′′12y
′′
21, while the B
0 mass difference bounds the operators with the
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third generation index y′13y
′
31. It is also interesting to note that the operators y
′
ijy
∗
i′j′ con-
tributing to KL → ℓ
+ℓ′− are of the nature of a pseudoscalar current, so there is no explicit
lepton mass dependence in the decay width, unlike the R-parity violating interactions [11]
where there is essentially no sensitivity to new physics for the decay KL → e
+e−. This
feature may serve as a criterion to distinguish different models if a signal beyond the SM
is observed.
The last three operators in Eq. (8) mediate proton decay such as p →
e+π0(K0), µ+π0(K0) and νπ+(K+). Requiring the proton lifetime to be larger than
1032 years puts very stringent bounds to them: products of two appropriate couplings
are restricted at order of 10−21 for a 100 TeV messenger. It is therefore unlikely for the
operators λl, λq or λ′, λ′′ to coexist. In Table 1, we summarize the meaningful bounds on
the products of two different couplings in Eqs. (7) and (8), along with the corresponding
experimental data [12]. Future high precision measurements would explore the operators
to a more significant level.
In the M−-model, by integrating out the messenger and Higgs fields, one may obtain
fermionic bilinear terms. However, they are not only suppressed by the heavy masses M
and mh, but also by chirality. They are generally small and we will not discuss them.
couplings bounds low-energy data
|y1jy2j|, |yi1yi2| 3 BR(µ→ eγ) < 4.9× 10
−11
|y11y21|, |y11y12| 0.7 BR(µ→ 3e) < 10
−12
|y12y
′
11|, |y21y
′
11| 10 µ Ti(Pb)→ e Ti(Pb) (g
I=1
V < 4× 10
−5)
|y12y
′
12|, |y12y
′
21|,|y21y
′
12|, |y21y
′
21| 0.05 BR(KL → µ
±e∓) < 3.3 × 10−11
|y11y
′
12|, |y11y
′
21| 0.06 BR(KL → e
+e−) < 4.1× 10−11
|y22y
′
12|, |y22y
′
21| 0.8 BR(KL → µ
+µ−) < 7.2× 10−9
|y′12y
′
21| 5× 10
−4 ∆MK = 3.491 × 10
−12 MeV
|y′′12y
′′
21| 0.03 ∆MD < 1.38 × 10
−10 MeV
|y′13y
′
31| 0.03 ∆MB = 3.12 × 10
−10 MeV
|Im(y′12y
′∗
21)| 3× 10
−6 |ǫK | ≈ 2.275 × 10
−3
|λl11λ
l
12|, |λ
l
11λ
l
21|, |λ
′
11λ
′
12|, |λ
′
11λ
′
21| 10 µ Ti(Pb)→ e Ti(Pb) (g
I=1
V < 4× 10
−5)
|λl1jλ
l
2j |, |λ
l
i1λ
l
i2|, |λ
′
1jλ
′
2j |, |λ
′
i1λ
′
i2| 3 BR(µ→ eγ) < 4.9× 10
−11
|λ′11λ
′′
11|; |λ
l
11λ
q
12|, |λ
′
11λ
′′
12| ∼ 10
−21 τ(p→ e+π0; e+K0) > 1032 yr
|λ′21λ
′′
11|; |λ
l
21λ
q
12|, |λ
′
21λ
′′
12| ∼ 10
−21 τ(p→ µ+π0;µ+K0) > 1032 yr
|λ′i1λ
′′
11|; |λ
′
i1λ
′′
12| ∼ 10
−21 τ(p→ ν¯π+; ν¯K+) > 1032 yr
Table 1: Bounds on the couplings from low-energy experimental data [12] (and µ-e conversion from
[13]), in units of (M/100 TeV)2.
3.2 Sparticle Mass Spectrum
While the masses of MSSM fermions are protected from the radiative corrections either by
a chiral symmetry or by a continuous R-symmetry, the scalar masses squared receive large
negative corrections from the messenger-matter interactions in Eqs. (5) and (6). They are
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given by, for the M+-model,
δm2
L˜ij
=
1
16π2
3∑
k=1
ykiy
∗
kjM
2u(Λ/M), (11)
δm2
E˜ij
=
1
8π2
3∑
k=1
yiky
∗
jkM
2u(Λ/M). (12)
δm2
Q˜ij
=
1
16π2
3∑
k=1
(y′kiy
′∗
kj + y
′′
kiy
′′∗
kj )M
2u(Λ/M), (13)
δm2
U˜ij
=
1
8π2
3∑
k=1
y′′iky
′′∗
jkM
2u(Λ/M), (14)
δm2
D˜ij
=
1
8π2
3∑
k=1
y′iky
′∗
jkM
2u(Λ/M), (15)
where we have ignored the λ-couplings in Eq. (5), and for the M−-model [7, 9],
δm2
E˜ij
=
1
8π2
yiy
∗
jM
2u(Λ/M), (16)
δm2
Q˜ij
=
1
16π2
y′iy
′∗
j M
2u(Λ/M), (17)
δm2HD =
1
16π2
3∑
i=1
(
|yi|
2 + 3|y′i|
2
)
M2u(Λ/M), (18)
where the function
u(x) = ln(1− x2) +
x
2
ln
1 + x
1− x
. (19)
For small x, the function has an expansion −x4/6, and it monotonically decreases as x goes
to 1.
For Λ/M ≪ 1 (x → 0), the corrections are suppressed by (Λ/M)2, so that there is
no significant difference from the minimal model for sparticle spectrum. On the other
hand, for Λ/M ≃ 1 (x → 1), the function u is very negative and the corrections to the
mass can be very substantial. Significant upper limits on the Yukawa couplings may be
obtained by requiring that these negative corrections do not change the sign of the scalar
mass squared. In GMSB models, the slepton and Higgs soft masses are generically smaller
than the squark soft masses, so the tightest bounds come from Eqs. (11), (12), (16) and
(18). As an illustration, we choose
Λ = 100 TeV, tan β = 2 and µ > 0. (20)
By requiring the scalar mass squared to remain positive, we find that typical upper bounds
on
∑3
i=1 |yi|
2 in the M−-model for several M/Λ values are
M/Λ = 1.25 5 10 30∑3
i=1 |yi|
2 < 10−3 0.03 0.15 1.2
(21)
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Similar constraints are also obtained for
∑3
i=1 |y
′
i|
2 and for the couplings in the M+-model.
Although the bounds obtained here depend on the model parameter M/Λ, they are the
only upper bounds available on individual couplings. They are therefore complementary to
those extracted from the low-energy data in the previous section.
The negative corrections to the scalar masses squared can also induce miss-alignments
of the fermion-sfermion mass matrices and as a result, the flavor-changing neutral currents.
A study [9] found that bounds on the products of two couplings from µ → eγ and µ-e
conversion can be as strong as 10−5 for Λ/M ≈ 1. However, the bounds obtained there
depend again sensitively on the parameter choice, and they are much looser for Λ/M ≪ 1.
3.3 Electroweak Symmetry Breaking and The µ-Parameter
One of the most important features in SUSY theories is the radiative generation of the
electroweak symmetry breaking (EWSB) [14]. At the scale MSUSY where the EWSB is
imposed, the Higgs soft mass squared m2HU is approximately given by the solution to the
one-loop renormalization group equation
m2HU (MSUSY) ≃ m
2
HU
(M)−
3λ2t
8π2
(m2
Q˜3
+m2
U˜3
) ln
(
M
MSUSY
)
, (22)
where for simplicity λb term has been neglected. The large top-quark Yukawa coupling λt
can drag m2HU at MSUSY negative, thus triggers the EWSB.
Figure 1: Representative masses as functions of the messenger-matter coupling y′2
33
. The hatched
region does not have the right EWSB. Shown in the plots are the third generation squarks q˜, the
µ-parameter, the lightest neutralino χ˜0
1
and the lightest CP-even and CP-odd Higgs bosons h, A.
However, the messenger-matter interactions give large negative corrections to the scalar
masses squared, as seen in Eqs. (11)-(15) and Eqs. (16)-(18). When the third generation
squark masses become small, the Higgs mass squared is less negative, and the EWSB
can be changed significantly or may not even occur. A more restrictive version of the
8
EWSB condition in a supersymmetric theory is usually expressed in the following (tree-
level) equation which also determines the µ-parameter
µ2 =
m2HD − tan
2 β m2HU
tan2 β − 1
−
M2Z
2
. (23)
Requiring the model to yield a desirable pattern of EWSB would put additional con-
straints on the couplings. We consider the mass correction effects on EWSB in M+-model
to Eqs. (22) and (23). We choose the SUSY parameters as in Eq. (20). To maximize the
effects from messenger-matter interactions, we also choose that M/Λ = 1.25 and y′33 = y
′′
33.
We have run the coupled two-loop renormalization group equations [15] of soft masses to the
scale MSUSY = m
GM
q˜ +m
mix
q˜ , where m
GM
q˜ and m
mix
q˜ represent the contributions to the third
generation squark masses from the minimal GMSB model (Eq. (3)) and messenger-matter
interactions (Eqs. (13-15)) respectively. At MSUSY we impose the EWSB condition and
calculate all physical masses and the µ-parameter consistently to the full one-loop order.
In Fig. 1 we show our results for the SUSY particle mass spectrum. The hatched region
is where the EWSB does not occur. This can be anticipated from looking at the decreas-
ing squark masses, which eventually become too small to drive the Higgs mass squared of
Eq. (22) negative. The limits on the individual Yukawa couplings obtained here are simi-
lar to that in Eq. (21) and are complementary to those from the low-energy experiments
discussed in the previous section. We note that the µ-parameter decreases as the coupling
increases.
Figure 2: Dimensionless quantities in Eq. (24) which describe the degree of fine-tuning as functions
of y′2
33
.
Models with direct messenger-matter interactions can display mass spectrum with very
different characteristics from that of the minimal GMSB model. To demonstrate this point,
we show a representative mass spectrum in Table 2, where we choose y′233 = y
′′2
33 = 0.032
and all other parameters are taken to be the same as Fig. 1. For comparison, we also
show that for the minimal GMSB model with no direct messenger-matter interactions.
9
(GeV) y′233 = y
′′2
33 = 0 y
′2
33 = y
′′2
33 = 0.032
µ 619 152
M1 159 157
M2 299 299
M3 820 846
mχ˜0
1
158 143
mχ˜0
2
316 169
mχ˜0
3
625 172
mχ˜0
4
631 325
mg˜ 908 888
m
χ˜+
1
158 163
m
χ˜+
2
631 325
mh 94 83
mA 802 429
mt˜1 1099 627
mt˜2 1000 495
m
b˜1
1090 606
m
b˜2
1083 531
BR(χ˜01 → γG˜) 0.90 0.65
BR(χ˜01 → hG˜) ∼ 10
−5 0.26
cτ (µm) 84 60
Table 2: Representative masses for the two models: minimal GMSB with y′
33
= y′′
33
= 0, and that
for y′2
33
= y′′2
33
= 0.032. Also shown in the Table are the µ-parameter, the three gaugino soft masses
M1,2,3, branching ratios for χ˜
0
1
→ γG˜ and χ˜0
1
→ hG˜, and χ˜0
1
decay length.
The masses for the third generation squarks, the neutralino/chargino and especially the
Higgs bosons are all significantly lighter that those for the minimal model. The lightest
neutralino χ˜01 has a large Higgsino component, so it can decay to the light Higgs h with a
fairly large branching ratio of 26%. The decay length of χ˜01 becomes somewhat shorter as
well. These interesting features may lead to very distinctive experimental signature in the
current and future collider experiments. The slepton masses can be decreased significantly
as well depending on the choice of the couplings y′s.
In the minimal GMSB model, because the squarks are much heavier than other spar-
ticles, one finds that
√
|m2HU | and therefore µ are typically much larger than MZ . This
renders a difficult balance of Eq. (23) and is usually referred to as the fine-tuning problem
in GMSB models [16]. In the presence of messenger-matter interactions, one should expect
that µ is generally smaller (as seen from Fig. 1), and the fine-tuning problem should be less
severe. We examine the dimensionless quantities as a measure of fine-tuning [17]:
c(M2Z ;µ
2) = |∂ lnM2Z/∂ lnµ
2|, and c(M2Z ;Bµ) = |∂ lnM
2
Z/∂ lnBµ|. (24)
where Bµ is the bilinear soft Higgs mass parameter. The results are shown in Fig. 2. Indeed
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the fine-tuning improves for a bigger coupling y′33.
4 Discussions and Conclusion
Before we draw our conclusions, several remarks are in order. First, in constructing the
low-energy effective Lagrangian in the previous section, we have ignored terms proportional
to Λ/M . This is the case where the SUSY breaking effect in the messenger sector is much
smaller than the messenger scale M itself. The terms proportional to Λ/M have essentially
the same structure as those in Eqs. (7) and (8), with somewhat different combination of
the Yukawa couplings. The physics implications are however very much similar.
Second, in principle, one can integrate out only the heavy messengers and obtain effec-
tive Lagrangians involving external sparticles. For example, terms in Eq. (5) could induce
pair productions of l˜i l˜
∗
j , and q˜iq˜
∗
j at lepton and hadron colliders, and those in Eq. (6) would
give Higgs and Higgsino pair production. Although the strength of the new interactions
is generically small, these distinctive processes may provide new experimental signature at
future colliders.
Third, we have neglected the complication of the CKM matrix when deriving the cou-
plings from Eq. (5) to Eqs. (7) and (8). It can be systematically included by performing
the proper quark field rotation between the weak and mass eigenstates.
Finally, although we only concentrate on a pair of 5+ 5 in this paper, the analysis
can also be readily carried out for the cases of several 5+ 5 pairs or a pair of 10+ 10.
In the case where the messengers are a pair of 10+ 10, the LMP is charged and cannot
be stable without causing problems in the standard inflationary cosmology. The direct
messenger-matter interactions thus may necessarily occur. We should note that in these
cases general mixing among messengers are also possible. Under certain assumptions, it
is shown in Ref. [18] that hypercharge D-term contributions to the scalar particle masses
can be generated at two-loop level, but these terms are generally much smaller than the
one-loop contributions from the messenger and matter interactions.
In conclusion, we have constructed the direct messenger-matter interactions in the min-
imal GMSB model. The new interactions avoid the cosmological problem associated with
the stable messenger particle, but they generally introduce B and L violating and FCNC
processes. We obtain the low-energy effective Lagrangians by integrating out the heavy
messenger fields as well as the sparticles. If we assume that the couplings are naturally of
order one, we find that the constraints from the low-energy data are generally not very re-
strictive except for those leading to proton decay. On the other hand, certain combinations
of the couplings may contribute to some flavor violating processes within the current and
future experimental reach. We also show that the new interactions have negative contribu-
tions to the scalar particle masses. Consequently, one can generally reduce the value of the
µ-parameter and greatly change the pattern of EWSB. The fine-tuning problem associated
with the µ-parameter can be alleviated at most of the parameter space. The significantly
lighter mass spectrum for the sparticles and Higgs bosons and the different sparticle decay
pattern can result in distinctive experimental signature at the current and future colliders.
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